Background: Recently there has been dramatic increase in the use of mobile technologies for health (m-Health) in both high and low-and middle-income countries (LMICs). However, little is known whether m-Health interventions in LMICs are based on relevant theories critical for effective implementation of such interventions. This review aimed to systematically identify m-Health studies on health behavioral changes in LMICs and to examine how each study applied behavior change theories. Materials and Methods: A systematic review was conducted using the standard method from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline. By searching electronic databases (MEDLINE, EMBASE, and Cochrane Central Register of Controlled Trials [CENTRAL]), we identified eligible studies published in English from inception to June 30, 2017. For the identified m-Health studies in LMICs, we examined their theoretical bases, use of behavior change techniques (BCTs), and modes of delivery. Results: A total of 14 m-Health studies on behavioral changes were identified and, among them, only 5 studies adopted behavior change theory. The most frequently cited theory was the health belief model, which was adopted in three studies. Likewise, studies have applied only a limited number of BCTs.
Among the seven BCTs identified, the most frequently used one was the social support (practical) technique for medication reminder and medical appointment. m-Health studies in LMICs most commonly used short messaging services and phone calls as modes of delivery for behavior change interventions. Conclusions: m-Health studies in LMICs are suboptimally based on behavior change theory yet. To maximize effectiveness of m-Health, rigorous delivery methods as well as theory-based intervention designs will be needed.
Keywords: m-Health, behavioral health, e-health, telehealth, telemedicine Background R apid development of Information and Communication Technologies (ICTs) has influenced many aspects of life. Among ICTs, mobile technology has been considered as a promising tool in multiple areas and has become a necessity in modern life. Particularly, the application of mobile technology in healthcare has drawn wide attention and has been commonly called mobile health (m-Health). More specifically, m-Health is defined as health intervention using mobile technologies such as mobile phones, wearable devices, personal digital assistants, tablet PCs, and so on. 1 is drawing an attention for its potential to improve health in low-and middle-income countries (LMICs) that suffer from inadequate health delivery systems due to insufficient resources. Generally, the ICT penetration rate is very low in LMICs, but that of mobile technology is exceptionally high. For example, in 2015, the global mobile subscription rate and the average mobile subscription rate for LMICs reached 63% and 59%, respectively. 4, 5 Such high coverage of mobile devices may facilitate m-Health implementation in these countries. Therefore, the implementation of m-Health will likely be feasible in LMICs as a solution for better health delivery systems. Also, given that the burden of noncommunicable diseases currently outweighs that of communicable diseases even in most LMICs, 6 m-Health can contribute to reducing the current global burden of diseases through effective management of chronic diseases. Although m-Health is gaining popularity in the health sector, there has been concern on its effectiveness. While the evidence-based m-Health intervention has been emphasized, the value and scientific evidence of m-Health have been constantly challenged due to methodological issues. 7 For example, systematic reviews on diabetes management using m-Health reported a positive association between m-Health and the reduction of risky behaviors among diabetic patients, while others argue that the results have critical limitations such as methodological flaws leading to risk of bias or insufficient sample size. 8, 9 Similar issues have been raised for m-Health studies in LMICs, emphasizing the need for rigorous study design, such as randomized controlled trials (RCTs). [10] [11] [12] Another critical issue for the effective implementation of mHealth is whether m-Health intervention is based on relevant theories or not. Applying relevant theories to an m-Health project is particularly important because it can lead to welldeveloped intervention strategies and therefore, better health outcomes. 9, 13 Behavior change theory is a group of theories that aims to explain and structuralize the determinants of health behavior. It has been widely used for studies related to behavior change or interventions for health promotion. However, the usefulness and value of behavior change theory often depend on the context and relevance for an intervention study. 14 Therefore, an m-Health program for behavior change should carefully incorporate a behavior change theory that would be most appropriate for the specific intervention strategies. Considering the limited availability of resources in LMICs, effective, well-designed m-Health interventions based on a theory can be a viable option for these countries. However, little is known about whether m-Health interventions in LMICs are based on relevant theories, which is critical for effective implementation of such interventions. To fill this knowledge gap, this review aimed to systematically identify m-Health studies on health behavioral changes in LMICs and to examine whether each study was based on any behavior change theories. Ultimately, this systematic review is expected to provide insight for future m-Health studies to maximize their effectiveness in the LMICs context.
Methods
We conducted a systematic review following the standard method of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline. 15 A systematic search using the following electronic bibliographic databases was conducted: Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, and EMBASE. In addition, snowballing search was performed using the reference lists of the selected literature. The search protocol including keywords and the search strings is presented in the Appendix Tables A1-A3 . Two authors (Y.-M.C. and S.L.) independently assessed the eligibility of studies throughout the entire selection process. The reviewers first screened the titles and abstracts of the studies identified from the databases, and then conducted a full-text assessment of potentially eligible studies for final inclusion. If there was any discrepancy, two reviewers discussed and reached an agreement through intervention by a senior author (S.-Y.K.). Data extraction was conducted following a similar process and using a template adapted from the Cochrane Consumers and Communication Review Group's template for data extraction. 16 
INCLUSION CRITERIA
This review was restricted to studies published in English, but it did not restrict the date of publication, and included studies published through June 30, 2017. The target populations were confined to individuals in LMICs (below $3,955 gross national income [GNI] per capita, based on the 2016 cutoff by the World Bank). 17 Upper-middle income countries were excluded, due to the high heterogeneity in socioeconomic status between the two groups (lower-middle vs. uppermiddle) of middle-income countries. (A full list of countries considered LMICs is provided in Appendix Table A4 .) Study types were limited to intervention studies, such as RCTs, case-control studies, quasi-experimental studies, and pre-post design studies. In this review, an intervention for behavior modification was defined as any strategy (e.g., selfmanagement for diseases, education for health knowledge, and medication reminder) to change or maintain people's behavior or attitude to improve health. We included studies on interventions that used mobile devices (wireless and portable electronics including cellular phones, wearable devices, laptop, personal assistance devices, and tablet PC) or mobile technologies (any technologies that enable communication with remote areas, such as phone call, video call, short messaging service [SMS], multimedia messaging service, online-chat, and email) to promote health behavior change.
DATA EXTRACTION AND ANALYSIS
For the final set of studies included, the following information on the general study characteristics were extracted: study identities (title, authors, and publication year), study methods and setting, participants, type of intervention, and outcomes. To extract data regarding interventions and theories related to behavior, we developed a working framework, adopting the framework used in Webb et al.'s systematic review of behavior changes using the Internet. 18 Their framework consists of three components: (1) theoretical bases, (2) behavior change techniques (BCTs), and (3) modes of delivery. We used their framework as the basis of our own working framework, but modified each component, as follows. First, for the theoretical bases, we introduced the assessment tool developed by Michie and Prestwich 19 to identify the extent to which the intervention designs were theory-based. Second, for BCTs, we adopted the most upto-date taxonomy on behavior change interventions established by Michie et al., 20 which contains more detailed classification systems (16 groups clustering 93 BCTs) than the older version of taxonomy used by Webb et al. 18 Lastly, we categorized the modes of delivery into three types (SMS; phone calls; and applications for smartphone), based on the frequently used types of delivery methods from the published literature.
Results
A total of 380 studies were identified as a result of the original search using the study protocol. After removing duplicates and screening the title and abstract, 51 studies were selected for full-text screening. The final number of studies selected based on full-text assessment was 14. Figure 1 presents a flow chart illustrating the entire screening process.
The 14 studies that met the eligibility criteria consisted of 11 RCTs, 21-31 2 pre-post studies, 32, 33 and 1 quasi-experimental study. 34 The studies were conducted in various settings, including Bangladesh, Bolivia, Cameroon, Honduras, India, Kenya, Pakistan, and Swaziland. The selected studies included interventions for diabetes, HIV/AIDS, cardiovascular diseases, and tuberculosis. 39 ( Table 2 for a brief description of each of the five theories). Table 3 summarizes the detailed aspects of each of the five theory-based studies based on the six categories of the assessment tool for theoretical bases. The most frequently cited theory was the health belief model, which was adopted in three studies. 23, 25, 30 The transtheoretical model for behavior change was applied to two studies 21, 30 and the behavior learning theory, social cognitive 23 conducted an RCT to improve medication adherence in stroke patients, employing the social cognitive theory and the health belief model. In the RCT, contents of SMS were designed to inform participants of the benefits and/ or harms that resulted from their health behavior. Mbuagbaw et al. 25 provided the intervention group with reminders and messages for motivation, which were developed through the focus group interview as well as the health belief model. In their intervention, ''cues to action,'' one of the components in the health belief model, was adopted as a trigger for behavior change through sending a medication reminder. Rubinstein et al. 30 assessed the effectiveness of m-Health for cardiovascular diseases. The distinctive feature of their study was a well-designed intervention based on both the health belief model and the transtheoretical model to enhance physical activities and better diet in LMICs. Tailored counseling calls and SMS in accordance to the participants' readiness of behavior change were provided at five sequential stages of the transthoretical models. Another theory-based study by Islam et al. 21 was an RCT that used both of the behavior learning theory and the transtheoretical model. The study's intervention aimed to modify behaviors and life-style by using SMS as stimuli for medication adherence and patient support, and the study compared outcomes between standard care and the addition of automated SMS to standard diabetes care. Lastly, the study by Piette et al. 33 applied the integrated theory of behavior change for diabetes care management through interactive voice response. In all of the five theory-based studies, m-Health interventions were integrated with one or more constructs of theory. Two studies 23, 30 measured a construct of theory, and one study 30 provided individual-tailored intervention based on a theory. However, none of the studies used a theory in assessing the mediation effect of theory. The remaining nine studies 22,24,26-29,31,32,34 did not mention any application of theories. In terms of intervention type, most of the studies used an SMS reminder to track medication schedule and ultimately to increase medication compliance. Some of the studies 24, 26, 29, 31, 34 also provided interventions such as a social message, physical activity, and diet care depending on the purpose of each study.
BEHAVIOR CHANGE TECHNIQUES
A total of 7 BCTs were identified in the included studies. Six studies employed more than one BCT. The most Upper middle income countries.
AIDS, acquired immuno-deficiency syndrome; HbA1c, glycated hemoglobin; HIV, human immuno-deficiency virus; IVR, interactive voice response; RCT, randomized controlled trials; SMS, short messaging service.
frequently used BCT was the social support (practical) technique, which is the taxonomy used by Michie et al. 20 It refers to the access to technical advice and assistance for health behaviors from friends, relatives, colleagues, and staff. All nine studies 21, [23] [24] [25] [26] 29, 31, 32, 34 using the social support (practical)
technique were intended to encourage medication intake or to remind of a medical appointment by phone call from research staff or via automated SMS. The second most frequently applied BCTs belonged to the ''Feedback and Monitoring'' category, and included a total of four techniques: feedback on behavior, self-monitoring of behavior', self-monitoring of outcomes of behavior, and feedback on outcomes of behavior. 23, 27, 28, 30, 33 For example, Piette et al.'s study 27 for hypertension management employed self-monitoring BCT. In their study, investigators provided home monitoring equipment to check blood pressure periodically, and gave feedback based on the monitored data. The remaining two BCTs identified were the ''instruction on how to perform a behavior'' technique (belonging to the ''Shaping Knowledge'' group) and the ''goal setting of behavior'' technique. The former refers to the delivery of information, health behavior management, and dissemination of best practices through mobile functions, and were used in three of the 14 studies. 22, 31, 33 The ''goal setting of behavior'' technique was used in Rubinstein et al.'s study, 30 in which participants chose one of the four target behaviors: reduction of sodium intake, reduction of high-fat/high-sugar intake, increase in fruit/vegetable intake, and encouragement of physical activity.
MODES OF DELIVERY
The most commonly used mode of delivery was SMS, which was adopted in 10 out of the 14 studies. [21] [22] [23] [24] [25] [26] [29] [30] [31] 34 Particularly, a reminder service was the most frequently used strategy, followed by the transmission of information on health behavior and consultation through text messages. Phone calls were used in seven selected studies. [26] [27] [28] 30, [32] [33] [34] In these Theory to explain behavior changes with a view that engagements in healthy behavior result from individuals' beliefs about severity of health problems, perceived benefits, perceived barriers or costs of action, and can also be influenced by modifying factors such as self-efficacy and cues to action ITHB 37 Theory based on the idea that knowledge and beliefs, self-regulation skills such as goal setting and self-monitoring, and social facilitation lead to engagements of self-management SCT 38 Theory that states that human behavior is produced through personal and environmental interactions and people learn by observing others, with two key components of outcome expectancies and self-efficacy TTMBH 39 Theory that provides strategies to make decisions for healthy behavior as assessed by individuals' readiness to act, and suggests that the decision of behavior change occurs through five stages including precontemplation, contemplation, preparation, action, and maintenance BLT, behavioral learning theory; HBM, health belief model; ITHB, integrated theory of health behavior; SCT, social cognitive theory; TTMBH, transtheoretical model of behavior change. Discussion m-Health has attracted attention as a potentially costeffective means to improve healthcare in LMICs through its potential to lower geographic barriers to healthcare. m-Health can be a particularly useful tool in managing chronic diseases that require behavior change. To ensure the effectiveness of m-Health interventions in LMICs, it is crucial to base the study design on relevant theories. Our review explored behavior change studies using mobile devices in LMICs, focused on the application of behavior change theory.
Overall, the findings of our review suggest that m-Health studies in LMICs are suboptimally based on behavior change theory. Specifically, in terms of each of the three components (theoretical bases, BCTs, and modes of delivery) of the assessment framework, our review highlights the following: First, the application of theory-based design of an m-Health intervention for behavior changes appear to be insufficient. Among the 14 studies included in our review, only a minor proportion (36%) was found to be based on behavior change theories. Given the fact that theory-based research appeared to be more effective than the studies that do not employ a theory, 13, 18, 40 the application of behavior change theory should be an essential step for m-Health research design in the future, 41 particularly for LMICs with relatively poor healthcare environments. Second, only limited types of BCTs have been applied in mHealth studies for behavior change. Even the 5 theory-based studies identified in our review, have used a very limited number/range of BCTs (7 out of 93 techniques classified). One possible reason for such limited application might be that mobile technology has strengths in monitoring a patient's status or sending reminders and thus BCTs related to this nature tend to be more often used. Another potential reason might be that studies have repeatedly applied proven techniques from previous studies rather than adopting alternative new BCTs. For future m-Health interventions, it would be desirable to attempt to apply more diverse types of BCTs that can benefit from the mobile platform.
Third, as for the modes of delivery, basic delivery modes such as SMS or a phone call, rather than high-end mode such as smartphone or wearable devices, are dominantly used in LMICs. This might be due to the low accessibility to high-end mobile technology in the setting. Another barrier to m-Health implementation in LMICs might be a service fee for users although the fee is not very costly. 32 Future m-Health studies in
LMICs should consider that the use of m-Health in LMICs seems to be influenced by accessibility and affordability of technology based on socioeconomic situations specific to each country. 42 Based on our analysis of the identified theory-based studies using the assessment framework, our review also suggests that the studies share the following aspects and thus there is room for improvement for the way theories are applied. First of all, interventions were often supported by only a selected set of constructs, rather than by the whole theory. It is suboptimal to apply a partial set of constructs of a theory since behavioral change is a complicated process and thus might require more than a single step of a given process. Next, the effectiveness of the model constructs linked to an intervention was rarely assessed. Only 2 out of the 14 studies measured the constructs of models. 23, 30 The constructs of a model should be measured to explain the effects of the interventions for behavior change based on the theoretical explanations. Lastly, none of the studies except Rubinstein et al.'s applied theories in developing a tailored intervention or selecting participants. Since the preconditions for the promotion of healthier behavior vary among individuals, it is crucial to design an appropriate design and to select a suitable study population based on a theory. Our study has limitations. First, due to the heterogeneity in study setting, target diseases, populations, and study design of the included studies, it was not appropriate to conduct any quantitative comparison of the study outcomes between the theory-based and nontheory-based studies. Second, our review mainly concerns with the extracted data on the application of theory for m-Health interventions. The limited data extracted from the articles were not sufficient to understand how theories were incorporated within each individual study. For this reason, we conducted an additional search for the original study protocols of the studies and provided more details when available.
Despite the limitations, our review provides a comprehensive summary of the trend and current status of the application of behavioral theories in m-Health interventions in resource-poor settings. Additionally, it provides insights into the crucial aspects of m-Health intervention designs for future efforts to utilize m-Health for health improvement in LMICs.
Conclusions
Our review shows that m-Health studies in LMICs are suboptimally based on behavior change theory yet and the way theories are applied could be further improved. Considering the significant role of behavior change theory in public health, the application of established theories for health promotion 
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